Introduction
Chronic low back pain (CLBP) is a significant global public health concern, and the major cause of disability. 1 CLBP is a leading cause of physical disability in individuals aged <45 years. 2 In Japan, the point prevalence of CLBP ranges between 20% and 25%, 1 and the lifetime prevalence was found to be 83%, which is comparable to that of countries such as Canada, Germany, and Australia. 3 CLBP is highly disabling and is the leading cause of work days lost. [3] [4] [5] [6] In addition to its physical impact, various studies have found that individuals with CLBP also have significantly greater levels of depressive symptoms, anxiety, and sleep impairment compared with matched controls without CLBP. [7] [8] [9] [10] For most (>90%) patients with anxiety disorders or substance abuse, the syndromes preceded the onset of CLBP, whereas for 46% of those with comorbid depressive symptoms, the depressive symptoms appeared after the onset of CLBP. 10 There appears to be a reciprocal association between the development of depressive symptoms and back pain, as depression tends to exacerbate pain in CLBP patients, and increased pain is associated with greater risk of depression. 8, 9 The etiology of CLBP remains largely unknown, thereby presenting a challenge in optimizing treatment. 11 Although ~15% of cases may be attributed to a specific cause, such as osteoporotic fracture, neoplasm, or infection, 85% of CLBP cases are idiopathic, with no clear cause. 2 Factors that are associated with back pain include obesity, arthritis, increase in age, poor posture, poor physical condition, and psychologic factors such as stress, anxiety, depression, and smoking, but these factors are not highly correlative and do not predict patients at risk of developing CLBP. 2, 12, 13 Growing evidence indicates that CLBP, like many other chronic pain conditions, is largely driven by central sensitization, neuronal hyperactivity, and dysfunction of endogenous pain modulatory systems. 12, [14] [15] [16] [17] [18] In one recent study, it was shown that patients with CLBP had significantly decreased conditioned pain modulation compared to normal, healthy volunteers. 15 Taken together, these studies indicate that dysfunctional pain modulation and enhanced excitability are at least partially responsible for the development and the persistence of chronic pain regardless of the underlying etiology.
Duloxetine, a potent and selective serotonin and norepinephrine reuptake inhibitor, is believed to exert a direct analgesic effect through modulation of endogenous descending inhibitory pain modulatory systems. 19, 20 In addition to being effective in major depressive disorder (MDD), duloxetine has also been demonstrated to be efficacious in the treatment of CLBP as well as other chronic pain conditions such as diabetic neuropathy, fibromyalgia, and osteoarthritis of the knee. Recently, on the strength of 4 randomized clinical trials, duloxetine has been approved for the treatment of CLBP in the US and Japan. 6, 11, 17, 21 It is known that chronic pain is often related to depressive symptoms. However, it is unknown whether duloxetine has an independent analgesic effect. That is the reason why path analysis was conducted in CLBP patients without MDD. Previously, the results from double-blind, placebo-controlled studies reported that duloxetine significantly reduced painful physical symptoms and improved depression in patients with MDD. 22, 23 Also, early reduction in painful physical symptoms was associated with improvements in long-term depression outcomes in patients treated with duloxetine.
Path analysis is a means to decompose correlations in order to find what correlations may exist among variables in producing an effect.
In the present investigation, path analyses were used to evaluate the direct (ie, analgesic) and indirect (via antidepressant effect) effects of duloxetine in relieving CLBP.
Methods

Data sources and study selection
The Eli Lilly clinical trial database was searched for randomized, double-blind, placebo-controlled, parallel-group clinical trials with patients receiving duloxetine or placebo who had CLBP. Importantly, MDD was an exclusion criterion for all of the CLBP studies. Consequently, none of the patients included in this study was diagnosed with MDD. A total of 4 studies, HMEN (NCT00424593), 17 HMEO (NCT00408876), 11 HMGC (NCT00767806), 6 and HMGY (NCT01855919), 21 were identified. Studies HMGC, HMEO, and HMEN were conducted independently over the time period from December 2006 through November 2009 and HMGY was conducted from May 2013 through July 2014. The details of the study designs and results have been published previously. 6, 11, 17, 21 One of these studies, HMGC, was not included in the present analyses because the secondary outcome measure used to determine depressive symptoms was the Profile of Mood States -Brief Form, 6 whereas depressive symptoms were determined by the Beck Depression Inventory-II (BDI-II) in the remaining 3 studies. 11, 17, 21 The protocols were approved by the appropriate ethical review boards for each of the study centers. Subjects gave written informed consent before participating and were fully informed of the procedures involved in the studies. The studies were all conducted in accordance with the regulatory standards in each country and conformed to the standards dictated by Good Clinical Practice, the Declaration of Helsinki (2008), and all applicable local regulations. The studies were registered at ClinicalTrials.gov.
Study population
A post hoc, individual, patient-level meta-analysis of data was conducted from studies HMEN, HMEO, and HMGY to better understand the direct analgesic effect of duloxetine in patients with CLBP. The common inclusion criteria were male or female patients ≥18 years of age (20 years for HMGY), low back pain present on most days for 6 months, and a pain score of ≥4 on the Brief Pain Inventory (BPI). Study HMGY included an inclusion criterion of nonsteroidal antiinflammatory drug use for CLBP for an average of >14 days 
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Patients with evidence of radicular compression or other vertebrae-related disorder (eg, spinal stenosis, spondylolisthesis), history of >1 low back surgery or surgery within the past 12 months, or invasive treatment for CLBP within the past month were excluded. Importantly, the studies excluded patients with MDD as determined by the depression module of the Mini International Neuropsychiatric Interview. Specific inclusion and exclusion criteria are described in the primary publications. 11, 17, 21 Patients were included in this post hoc analysis if they were randomized to duloxetine 60 mg or placebo. However, those patients who were randomized to 60 mg and escalated up to 120 mg at week 7 in HMEN were excluded from the analysis. 17 
Assessments
Pain was assessed with the BPI 24-hour average pain scores, which measures average pain experienced over the previous 24 hours on a scale from 0 (no pain) to 10 (pain as bad as you can imagine). Improvement in pain is indicated by a reduction in the BPI score from the baseline BPI average score. Depressive symptoms were assessed with the BDI-II, which is a 21-item questionnaire completed by the patient in order to assess characteristics of depressive symptoms. The BDI-II consists of 21 questions that are each scored from 0 to 3. Consequently, the results can range from 0 to the highest possible total of 63. 22 A score of 0-10 is considered normal, 11-16 indicates a mild mood disturbance, and a score of ≥31 indicates severe depression. 24 Path analysis was used to confirm that duloxetine has a direct effect, distinct from its antidepressant activity, in improving pain in patients with CLBP. Path analysis is related to multiple regression methods and is a means to decompose correlations in order to determine the correlations among variables on an effect. 25, 26 In this investigation, path analysis was performed to determine the direct effect of duloxetine treatment on chronic pain and the indirect effects on chronic pain due to improvement in depressive symptoms over time. The 2 regression models employed in the path analyses are represented as:
and
in which X 3 is the change from baseline in BPI average pain score, X 2 is the change from baseline in BDI-II total score, X 1 is the treatment, Z 1 is the baseline BDI-II total score, and Z 2 is the baseline BPI average pain score. In each model, study was also included as a covariate. The direct and indirect effects of duloxetine were estimated by α 1 and α 2 × β 1 , respectively, Figure 1 ).
Path analyses were performed with improvement in BPI and BDI-II for the entire population of the 3 studies combined at the endpoint. In addition, time-course analyses were performed with data from studies HMEN and HMEO at weeks 4, 7, and 13 to determine if there is a time course in the relative contributions of the direct effect and indirect effects of duloxetine on pain. In addition, subgroups formed 
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Enomoto et al from the 3 studies were analyzed to determine whether path analyses would reveal changes in the direct and indirect components of duloxetine on pain relief in patients with baseline BPI <6 versus BPI ≥6, baseline BDI-II <6 versus BDI-II ≥6, and in males versus females.
Results
Patient demographics
The data from all randomized patients in all 3 studies were examined, and patients who had a recorded baseline value and at least one post-baseline value for both BPI and BDI-II were included in the analysis. Consequently, a total of 851 patients (duloxetine 60 mg, n=400; placebo, n=451) were included in this analysis (Table 1 , Figure 2 ). The baseline demographics and clinical characteristics were similar between the two groups. The baseline BPI average pain score (5.5 and 5.6, respectively, for duloxetine and placebo) indicated moderate pain levels at study enrollment. Patients showed minimal depressive symptoms, as demonstrated by low scores on the BDI-II scale in the Japanese and US trials, which is consistent with the exclusion of patients with MDD (Table 1) .
Patient disposition
Completion rates were similar (>80%) in the duloxetine and placebo groups ( Figure 2 ). A higher percentage of patients in the placebo group discontinued because of lack of efficacy and patient decision compared with the duloxetine group. On the contrary, a higher percentage of patients in the duloxetine group discontinued because of an adverse event compared with the placebo group.
Efficacy of duloxetine treatment at endpoint
Pain scores determined by the BPI were reduced by duloxetine over the course of the study (Figure 3) . Patients who were treated with duloxetine showed significantly (p<0.001) greater reductions in BPI average pain than did those who received placebo ( Figure 3A ). Duloxetine also produced significantly greater reductions in depressive symptoms over the course of the study compared with the placebo group ( Figure 3B ). Path analyses revealed that 91.1% of the improvement in pain symptoms was due to a direct effect of duloxetine, and 8.9% due to an indirect effect through an improvement in depressive symptoms ( Figure 3C ).
Time course of duloxetine-induced pain relief
The data from patients in studies HMEN and HMEO were pooled in order to perform path analyses over time. Study HMGY was not included because the BDI-II data were collected only at baseline and the endpoint of the study. The baseline BPI averages for the duloxetine and placebo groups were (mean ± standard deviation [SD]) 5.5±1.45 and 5.6±1.47, respectively. Duloxetine treatment resulted in progressive reductions in the BPI scores over time that were significantly greater than those of the placebo-treated group ( Figure 4A ). The direct effect of duloxetine for analgesia was slightly reduced over time but remained >80% ( Figure 4C ). The baseline BPI values of the duloxetine and placebo groups of the BPI <6 subgroup were (mean ± SD) 4.4±0.61 and 4.4±0.71, respectively, and 6.9±1.03 and 6.8±0.98, respectively for the BPI ≥6 subgroup. For both of these subgroups, the reduction in BPI of duloxetine-treated patients was significantly (p<0.001) greater than that of the placebo group, and appeared to be greater in the BPI ≥6 group ( Figure 5A ). Duloxetine significantly (p=0.020) reduced BDI-II scores relative to placebo in the BPI <6 subgroup, but not (p=0.274) in the BPI ≥6 subgroup ( Figure 5B ). Path analyses revealed that the direct effect of duloxetine on pain symptoms of the BPI <6 and BPI ≥6 subgroups accounted for 88.1% and 93.4%, respectively, of the total analgesic effect ( Figure 5C ).
Subgroups based on BDI-II <6 and BDI-II ≥6
Duloxetine treatment produced significantly greater reductions in BPI scores compared with placebo for BDI-II <6 and BDI-II ≥6 subgroups ( Figure 6A ). Duloxetine and placebo 
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Enomoto et al ( Figure 6B ). Path analyses revealed that the direct effect of duloxetine on pain symptoms of the BDI-II <6 and BDI-II ≥6 subgroups accounted for 98.5% and 79.0%, respectively, of the total analgesic effect ( Figure 6C ).
Subgroups based on gender
Duloxetine produced significantly greater reductions in BPI scores than placebo in both female (p<0.001) and male (p=0.031) patients ( Figure 7A ). In addition, duloxetine produced a significantly (p=0.008) greater reduction in BDI-II scores than did placebo in female patients and nonsignificant changes in male patients ( Figure 7B ). Path analyses revealed that the direct effect of duloxetine on pain symptoms was 88.1% of the total analgesic effect for female patients, and was 97.6% for male patients ( Figure 7C ).
Discussion
Duloxetine is a potent and selective serotonin and norepinephrine reuptake inhibitor that acts within the central nervous system and can enhance the action of the endogenous descending inhibitory pain modulatory systems in the lumbar spinal dorsal horn. 19, 20, 27 Clinical consequences of this mechanism of action are antidepressant and analgesic effects for chronic pain, and duloxetine has shown clinical analgesic efficacy in diabetic neuropathy, fibromyalgia osteoarthritis of the knee, and CLBP. 6, 11, 17, 21 The analgesic effect is independent from the antidepressant activity. 25 The main purpose of the present investigation was to demonstrate this claim in patients with CLBP. These conditions are associated with dysfunction of endogenous pain modulation and associated with diminished conditioned pain modulation, and it is highly likely that duloxetine, by enhancing noradrenergic and serotonergic neurotransmission, engages descending pain modulatory systems, and may normalize this dysfunctional process. 28, 29 Path analyses showed that the majority of the pain reduction in pain scores can be attributed to a direct effect of duloxetine on pain, and only a small proportion due to a reduction of depressive symptoms. The direct effect on pain accounted for 91.1% of the total analgesic effect of duloxetine. A recent path analysis performed only with data from HMGY in Japan showed a similar result. 21 In that study, a direct effect of 97.3% was shown for duloxetine in treating CLBP. 21 Patients with CLBP treated with 60 mg/day of duloxetine had a significant, progressive improvement in pain scores relative to placebo-treated patients. It should also be noted that over time, the direct effect of duloxetine on pain symptoms diminished slightly and the indirect effect through antidepressant activity increased accordingly. This 
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Direct analgesic effect of duloxetine for CLBP result is consistent with the observations made recently in patients with MDD and pain symptoms. 25 In that study, the time-dependent change from a predominance of direct effect to indirect effect of duloxetine on pain symptoms was much more pronounced, since these patients also had MDD and improvement of associated depressive symptoms. 25 Depression is a common comorbidity in chronic pain states, including CLBP. 10, 21 Severity of pain and its impact on functional impairment are associated with a greater risk of depression, and depression is associated with greater pain complaints, impairment, and poorer treatment outcomes. 9 Consequently, it is reasonable to expect that alleviation of depressive symptoms could reduce pain symptoms as well. Path analyses recently showed that duloxetine has both a direct and an indirect analgesic effect in patients with MDD and symptoms of physical pain, showing that it is able to produce analgesia independent of an antidepressant effect. 25 It is very likely that the analgesic effect of duloxetine occurs independently of its antidepressant effect in the present study. This likelihood is especially emphasized since patients with MDD were specifically excluded from the investigation. 
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In the present analysis, the BDI-II ≥6 subgroup still had relatively low mean scores, of ~12, reflecting the fact that none of the included patients were diagnosed with depressive disorders. Consequently, it is not surprising that there was no significant difference in the direct effect of duloxetine between the 2 groups. Thus, the results of the path analyses, together with the disconnect between changes in depressive symptoms and pain symptoms, and the absence of patients with MDD all support that duloxetine has a direct effect on pain relief, independent of its antidepressant activity.
Parsing subgroups based on baseline BPI scores, BDI-II scores, and gender did not appear to lead to any substantial changes in the percentage of analgesia attributed to the direct effect of duloxetine. Patients with a higher baseline BPI score (ie, ≥6) showed a markedly greater reduction in BPI than 
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Direct analgesic effect of duloxetine for CLBP did those with lower baseline pain scores. This observation is consistent with a greater range over which duloxetine could exert an analgesic effect. The same group, however, showed less reduction in depressive symptoms, underscoring a possible lack of association between pain relief and antidepressive activity. Baseline depressive scores did not appear to affect the analgesic effect of duloxetine, as both groups showed an approximately similar degree of analgesia.
Patients with high baseline BDI-II scores showed marked reduction in these scores with duloxetine, underscoring its antidepressant activity. This group showed the lowest attribution (%) of direct effects to duloxetine, and a somewhat higher indirect effect relative to all of the other subgroups, which is also consistent with the antidepressant effect of duloxetine. Males and females showed similar levels of pain relief and of the direct effect (%) on analgesia, although female patients appeared to show a somewhat greater level of antidepressant activity as well. The results of this investigation strongly suggest that a substantial part of pain relief due to duloxetine is largely due to a direct effect. This is consistent with duloxetine's ability to enhance endogenous pain modulatory systems, which is an effect independent of its antidepressant activity.
A limitation of the present investigation is that the path analysis was based on a hypothesis that a factor that induces pain relief is the antidepressive effect of duloxetine. Even though the depressive symptom is one of the emotional components, the present study focused on the correlations between pain and depressive symptoms. Another limitation is that the present investigation is limited to patients with low depressive symptoms. Patients with MDD were excluded. 
